1974 to 1975. 12 Of this sample, 2,992 had an available SK measure, and 156 were excluded due to missing vital status data for 1992. The remaining 2,836 subjects were the subjects of this analysis.
Baseline Measurements
Blood samples were obtained from nonfasting persons, and all frozen serum was sent to the Centers for Disease Control for analysis. The baseline medical history questionnaire provided information about history of selected conditions, such as heart disease and stroke. For example, a positive history of heart disease at baseline was defined as having had a heart attack or heart failure or having used any medicine, drugs, or pills for a weak heart during the 6 months prior to the baseline interview. At the beginning of the baseline physical examination, blood pressure was measured by a physician with the subject seated. Smoking status for current smokers was available at baseline for only 50% of participants. For the remaining subjects, the smoking status at baseline was derived from a questionnaire answered during the 1982-1984 follow-up interview on lifetime smoking history. The validity of this approach has been documented. 15, 16 The smoking status in this analysis was therefore combined from two sources, and valid information on smoking was available for more than 95% of the subjects.
Outcome Measures
Follow-up data, based on interviews, medical records, and death certificates, were collected in 1982-1984, 1986, 1987, and 1992 . In the 1982-1984 follow-up, a two-hour subject interview was conducted in person; in the 1986, 1987, and 1992 follow-ups, each interview averaged 30 minutes and was conducted by telephone. Death was ascertained by either death certificate, proxy interview, or both. In the former case, the underlying cause of death was coded according to the International Classification of Diseases, Ninth Revision. Deaths were analyzed for all causes, total cardiovascular disease (codes 390-459), ischemic heart disease (codes 410-414), stroke (code 430-438), and cancer (code 140-208). The number of years of follow-up for each individual was calculated from baseline to the date of death for decedents and to the date of follow-up for survivors. Of 2,836 subjects, there were 578 (20.4%) confirmed deaths through the 1992 follow-up.
Statistical Analysis
Mean SK level was determined by age, race, and gender. Subjects were stratified into three groups by baseline SK level with cut points at the mean Ϯ 1 standard deviation. Baseline characteristics of subjects by SK level were estimated. Furthermore, we used the mean SK Ϯ 2 standard deviations as another set of cut points (3.4 and 4.8 mmol/L).
For the longitudinal analyses, mortality rates for allcause, total cardiovascular disease, ischemic heart disease, stroke, and cancer, expressed as per 1,000 person-years and adjusted for age, gender, and race, were calculated by the direct method of standardization with the total study sample serving as the standard population. Cox proportional hazard regression models were constructed separately to examine the relation of SK levels to each causespecific mortality rate, adjusting for the following baseline characteristics: age, gender, race, blood pressure, cholesterol, smoking status, diuretic use, renal function, renal disease, and heart disease. In these models, SK was entered as a categorical variable. Hazard ratios and 95% confidence intervals were estimated for both low and high SK group, with the middle range group as reference. To test the J-shaped association of SK and cardiovascular mortality, the mortality risk associated with SK as a continuous variable was explored by choosing the median (SK ϭ 4.1 mmol/L) as a cut point to stratify the subjects into two groups. A Cox regression model was constructed for each stratum.
Because some clinical characteristics, such as diuretic use, renal function, and cardiovascular risk status, are related to both cardiovascular mortality and SK, interaction terms of these variables with SK were included in the Cox regression models to test the joint effects on cardiovascular mortality. In addition, the population was stratified by diuretic use (nonuser vs user), renal function (normal vs abnormal), and cardiovascular risk factor status (low risk status vs high risk status). Diuretic use was defined by whether the participant was using diuretics during the past 30 days. Abnormal renal function was defined as blood urea nitrogen (BUN) Ͼ 20 mg/dL and/or serum creatinine Ͼ 1.2 mg/dL for women and Ͼ 1.6 mg/dL for men. The high risk status was defined as having one or more of the following risk factors: blood pressure Ն 160 over 95 mmHg or taking antihypertensive medication; cholesterol Ն 245 mg/dL; and a history of at least one of the following conditions: myocardial infarction, stroke, renal disease, and diabetes. Cox regression models were used to examine the effect of SK level on total cardiovascular mortality, adjusting for age, gender, race, smoking status, cholesterol, renal disease, and heart disease.
RESULTS

Serum Potassium and Baseline Characteristics
The mean level of SK for the 2,836 subjects was 4.07 mmol/L, with a range of 2.7 to 5.4 mmol/L. Mean age was 46.6 Ϯ 13.9 years. Men had significantly (though slightly) higher SK levels than did women (4.12 Ϯ 0.34 vs 4.03 Ϯ 0.35 mmol/L, P Ͻ .001). African-American (243 subjects) and white (2,593) subjects had similar SK levels (4.07 Ϯ 0.36 vs 4.07 Ϯ 0.35, P ϭ .848). Mean levels of SK increased with age from 4.05 mmol/L for those under 45 years of age to 4.14 mmol/L for those 65 years and above ( P Ͻ .001). For those using diuretics, SK levels were significantly, but modestly, lower than those not using diuretics (3.91 vs 4.09 mmol/L, P Ͻ .001) and did not differ according to cardiovascular risk status (low vs high: 4.08 vs 4.06, P ϭ .217). Those with abnormal renal function had significantly higher SK, compared with those with normal renal function (4.12 vs 4.06, P ϭ .003). Stratifying the population into three groups by mean Ϯ 1 standard deviation (low, 2.7-3.7 mmol/L; middle, 3.8-4.4 mmol/L; and high, 4.5-5.4 mmol/L) revealed significant differences in baseline characteristics with relevance to cardiovascular risk (Table 1 ). Those with the highest level of SK (4.5-5.4 mmol/L) were older, had a higher prevalence of cardiovascular disease history (myocardial infarction, stroke, and congestive heart failure), and were more likely to be male and a smoker. They also had a higher BUN and serum creatinine than those in the low and middle SK groups. The percentage with an elevation of serum creatinine and BUN was highest in the high SK group, and this was true for both diuretic and nondiuretic users (data not shown here). By contrast, those with the lowest SK had the highest systolic blood pressure and pulse pressure. In the low SK group, 21.3% had used diuretics during the past 30 days, compared with 7.7% and 7.0% of subjects in the middle and high SK groups, respectively.
Mortality
Mortality Among Overall Population. During an average of 15.9 years follow-up, there were 578 deaths (20.4% of the study group). The average follow-up was 17.4 and 10.0 years for survivors and decedents, respectively. Of total deaths, 272 (47.1%) were ascribed to cardiovascular disease (ischemic heart disease, 172; stroke, 33; other cardiovascular deaths, 67), and 150 (26%) were cancerrelated. The remaining 156 deaths were associated with causes other than cardiovascular disease or cancer.
Mortality rates adjusted for age, gender, and race are shown in Table 2 . A J-shaped association was observed between SK and all-cause, total cardiovascular disease, and ischemic heart disease mortality. However, only the high SK group (4.5-5.4 mmol/L) had significantly higher mortality than those in the middle SK group (3.8-4.4 mmol/L). In contrast, the low SK group (2.7-3.7 mmol/L) did not differ significantly in mortality from the middle SK group. For stroke, mortality rates were similar for low and middle SK groups, but were significantly higher for the high SK group. Of note, cancer death rates did not differ by SK. The counts in both the lowest and highest groups were reduced substantially when we used SK Ϯ 2 standard deviations as the cutoffs (52; 2,740; 44). Nevertheless, the hazard ratios for low and high SK and cardiovascular disease mortality were 1.37 (95% confidence interval [95% CI], 0.51 to 3.71) and 2.62 (95% CI, 1.34 to 5.13), respectively, with the middle range of SK as the reference. The results of the Cox regression revealed a higher SK to be associated with increased cardiovascular mortality, with a hazard ratio of 1.54 (95% CI, 1.03 to 2.31). However, low SK was not associated with the risk (Table 3) . The increased risk of death for high SK was also observed for all-cause and stroke mortality, with hazard ratios of 1.51 (95% CI, 1.15 to 1.97) and 2.94 (95% CI, 1.10 to 7.80), respectively.
For subjects with SK below the median, SK was negatively (not significantly) associated with cardiovascular mortality, with a hazard ratio of 0.77 (95% CI, 0.30 to 1.98). However, for subjects with SK at or above median, SK was positively associated with cardiovascular mortality, with a hazard ratio of 2.71 (95% CI, 1.41 to 5.23).
Mortality According to Clinical Characteristics.
After introduction of interaction terms into the models, we observed that the interaction between SK and diuretic use was significantly associated with cardiovascular mortality (Table  4) . With the middle range of SK as reference, the hazard curves of cardiovascular mortality for each level of SK are presented in Figure 1 . Among subjects not using diuretics, with normal renal function, and with either low or high cardiovascular risk status, neither high SK nor low SK was associated with cardiovascular mortality. However, among those using diuretics and with abnormal renal function, a high SK was associated with sharply increased cardiovascular mortality compared with the middle SK group, with hazard ratios of 2.65 (95% CI, 1.20 to 5.85) and 1.89 (95% CI, 1.05 to 3.41) for diuretic users and those with abnormal renal function, respectively.
DISCUSSION
These data do not support concerns that a moderately low SK (2.7-3.7 mmol/L) might increase all-cause or cardiovascular mortality. In fact, both all-cause and cardiovascular mortality were greatest in those with a high normal SK (4.5-5.4 mmol/L). No association of increased cardiovascular mortality and moderately low SK was observed here. Further analysis revealed that the increased cardiovascular mortality associated with high SK was driven by those using diuretics or who had abnormal renal function, after accounting for other known risk factors. Our findings in a general population are consistent with two Scottish reports regarding SK in treated hypertensive patients. One longitudinal study at the Glasgow Blood Pressure Clinic found no relationship between low potassium concentrations (Ͻ3.7 mmol/L) and ischemic heart disease mortality. 17 A second report from the Scotland Clinic Study of 7,636 middle-aged men treated for hypertension followed for a mean of 11.5 years revealed that an SK level Ͻ3.7 mmol/L was not associated with increased mortality. 9 Serum potassium levels below 3.5 and above 5.5 mmol/L have traditionally been labeled as hypokalemia and hyperkalemia, respectively. [1] [2] [3] It is generally recognized that more severe hypokalemia or hyperkalemia is life-threatening. [1] [2] [3] Little attention has been focused on mild elevation in SK, in contrast to mild hypokalemia, which often occurs in hypertensive patients and is a common clinical consequence of diuretic treatment. 7 Since diuretic-related hypokalemia has been linked to cardiac arrhythmia, it has often been viewed as a hazardous and potentially lethal consequence of such therapy. Interest has been centered on the increased incidence of ventricular ectopic beats in hypokalemic patients taking diuretics and on the possibility that this might predispose the patient to sudden death. [5] [6] [7] Indeed, observational studies have reported an association of increasing diuretic dosage with sudden death. [5] [6] [7] However, in none of these studies have SK levels been reported. There are, of course, other possible explanations for increasing cardiovascular mortality among diuretic users, including confounding by selection bias, as well as perturbation of magnesium, uric acid, blood glucose, and lipids. [18] [19] [20] [21] [22] The robust association of high SK and increased cardiovascular mortality among those using diuretics cannot be explained by the available data. Perhaps an elevated SK in such patients marks subtle renal disease, and it is the renal disease that is responsible both for the higher SK and the increased cardiovascular mortality. In any event, the data here reveal a link between moderate increased SK with either diuretic use or abnormal renal function. In either case, an elevated SK raises the risk for cardiovascular mortality. Somewhat surprisingly, however, an elevated SK in subjects with high cardiovascular FIGURE 1. Hazard ratio of total cardiovascular mortality associated with serum potassium level, adjusting for age, gender, race, smoking status, diuretic use, renal function, cholesterol, and history of diabetes, renal disease, and cardiovascular disease, from Cox regression analysis among subjects stratified by diuretic use, renal function, and cardiovascular risk status.
risk was not related to increased cardiovascular mortality. Also, increased SK was not a risk marker in nondiuretic users or those with normal renal function, after accounting for other known risk factors. The limited study population precluded further stratification of these groups.
As expected, those using diuretics were more likely to have a low SK level. The striking increase in cardiovascular and total mortality of those taking diuretics who fell into the high normal range of SK was unexpected. Possible explanations for this finding include failure to adhere to the diuretic regimen, or use of potassium-sparing diuretics or potassium supplements. However, there was no information regarding the class of diuretics used in NHANES data. Conversely, it is more likely that the increased mortality associated with a higher SK reflects impaired renal function. Those taking diuretics who failed to lower their SK had increased serum creatinine and BUN compared with those with low SK levels. This may have blunted the expected kaliuretic response to diuretics. Perhaps, renal dysfunction is the common factor associated with increased cardiovascular mortality.
The present study is limited by the availability of only a single baseline measure of SK. It is likely that intraindividual daily variation produced random misclassification. There may also be some random bias due to the influences of different blood drawing techniques. Clearly, the validity of an association between a single serum determination and subsequent mortality after a long delay, even when significant, specific, and independent of other known cardiovascular risk factors, must be viewed with caution. Much could have changed in the interval between baseline measure and mortality. It should also be noted that low SK might increase risk. However, over the long term, these subjects were likely to get therapy that corrected this abnormality. In addition, while a low SK (2.7 to 3.7 mmol/L) was not related to increased cardiovascular mortality, it might be if there were sufficient numbers to explore a group with a lower level, as we observed with mean SK Ϯ 2 standard deviations, with a cut point for the low group of 3.4 mmol/L (hazard ratio, 1.37; 95% CI, 0.51 to 1.71). Another limitation is that data for history of diabetes was missing for these subjects, and we were unable to control for this important factor.
These data call attention to the possible adverse association of frequently ignored mildly elevated SK and mortality, particularly in diuretic-treated patients and those with even minimally compromised renal function.
